To enhance the antifungal response of litchi, transferring rice chitinase gene under a maize-ubiquitin promoter along with its first intron into the zygotic embryos via Agrobacterium tumefaciens-mediated transformation generated transgenic plants. After co-cultivation for 2 days with recombinant Agrobacterium, zygotic embryos were transferred onto Murashige and Skoog (MS) medium consisted of MS salts and Gamborg (B5) vitamins with 2 mgl −1 2, 4-dichlorophenoxyacetic acid (2, 4-D), 50 gl −1 sucrose and 8 gl −1 agar supplemented with 25 mgl −1 hygromycin and 400 mgl −1 cefotaxime. Embryos were selected passing through a series of MS modified media and the antibiotic resistant transgenic plantlets were analyzed. The integration and stability of the transgene was confirmed by PCR, RT-PCR, Southern blotting and by Western blot analyses. The transgenic plants exhibited higher chitinase activity than the non-transformed plants. The chitinase activity was also examined using the native polyacrylamide in-gel assay. These analyses indicated that the foreign gene was translated into the protein of expected molecular weight that showed chitinase activity. Following in-vitro inoculation of die-back, leaf spots and blight pathogen (Phomopsis sp.), the transgenic plants showed delayed onset of the disease and smaller lesions. The transgenic plants were adapted to the greenhouse and did not show any phenotypic alterations.
It has been revealed that plants have defense systems, which involve pathogen-related proteins, e.g. chitinase [19] [20] . Pathogenesis-related (PR) protein encoding genes when over-expressed in crop plants have been shown to enhance resistance to many fungal diseases [21] [22] . There are many reports in which rice chitinase gene conferred resistance against herbicide bialaphos in bread wheat [23] , resistance of rice against the Sheath Blight [24] , and enhanced resistance to Rhizoctonia solani in rice [25] and enhanced resistance to Fusarium sp.
in Pigeon pea [26] and wheat endochitinase gene in tomato and enhanced resistance to Fusarium aslyspermum [27] . Yamamoto et al. (2000) [28] also reported the rice chitinase gene (RCC2), classified as class I chitinase, expressed in grapevine for enhanced resistance to fungal pathogen.
In this paper, we report on the use of Agrobacterium method to overexpress another rice chitinase gene (RCC11) in L. chinensis cv. Bedana. The transgenic plants that exhibited higher chitinase activity than non-transgenic plants showed increased resistance to die-back, leaf spot and blight.
Materials and Methods

Plant Material
Immature litchi (L. chinensis Sonn.) fruits cv. Bedana were obtained from Horticulture Division, Bihar Agricultural College, Sabour, Bhagalpur, India after four weeks of anthesis, were washed in running tap water to free them from dust. Followed by these immature fruits were dipped into water mixed with 2 -4 drops of tween 20 and remained there for 5 min. After that these fruits were taken out and again dipped into 0.1% HgCl 2 and remained there for 10 min.
Followed by these processes fruits were rinsed thrice in sterile distilled water under aseptic conditions. These fruits' walls were incised and zygotic embryos were isolated. These zygotic embryos were the materials for transformation experiments.
RCC11 Chitinase Gene Cloned into pCAMBIA Vector
In this study, the chitinase gene RCC11 from Oryza sativa X 54367, a nucleotide sequence of a rice genomic clone that encodes a class I endochitinase. Rice chitinase gene (RCC11) was cloned in pCAMBIA vector by Dr. S. Muthukrishnan, Kansas State University, USA.
Transformation of Litchi
Zygotic embryos of litchi (L. chinensis Sonn. cv. Bedana) were transformed as described by Das et al. (2002) incised and infected with Agrobacterium tumefaciens strain LBA4404 harboring the binary vector pCAMBIA (CaMV-Ubi-RCC11), which contained the chitinase-coding [5] was followed and the zygotic embryos were sub-cultured in MS1 medium con- Biochemical analysis: The chitinase levels in transgenic litchi were determined using colorimetric enzyme assay, in-gel assay and western blot analysis. Total soluble proteins were extracted from frozen leaves (placed at −80˚C for a week) of the transformed and non-transformed samples. Leaves were homogenized with a pestle and mortar in liquid nitrogen and the frozen powder was suspended in 5 volumes of 0.1 M sodium citrate buffer (pH 6.0) containing 20 mM sodium ascorbate and polyclar AT. After two rounds of centrifugation at American Journal of Plant Sciences 13,000 rpm for 15 min at 4˚C, the supernatants were recovered [28] . The protein concentrations in the extracts were estimated by the Bradford method [32] . Equal amount (25 µg) of soluble proteins were loaded 1D SDS-gels and stained with 0.1% Coomassie brilliant blue R-250 (dissolved in 25% methanol & 10% acetic acid mixture for 20 min) dye to ensure the equal loading of protein and de-stained in 10% acetic acid overnight and proceeded for western blotting by transferring proteins on to the nitrocellulose membrane and probed with anti-chitinase11 antibodies (Generously provided by Dr.M.V.Razam, Deptt. of Genetics, South Campus, University of Delhi, India) at 1:5000 dilution. The specific position of antigen-antibody complex on the membrane was visualized by using alkaline phosphatase linked to secondary antibodies and for in-gel assay-Chitinases isoforms were visualized by glycol chitin SDS-PAGE. The extract containing 70 -100 µg of soluble protein from different transgenic lines as well as the untransformed control were diluted 1:10 and subjected to SDS-PAGE with 5% stacking gels and 12% acrylamide resolving gels [33] incorporated with 0.01% glycol chitin as described by Trudel and Asselin [34] . Glycol chitin was prepared by acetylation of glycol chitosan, where 1 g of glycol chitosan (G-7753, Sigma, USA) was dissolved in 20 ml of 10% acetic acid and the viscous solution was mixed and kept overnight at room temperature, and then 90 ml methanol were added and mixed continuously. The solution was filtered through Whatman filter paper (No. 3) under vacuum. The resulting filtrate was mixed with 1.5 ml acetate anhydride. The formed gel was kept at room temperature for 30 min, the excessive liquid was poured off, and the gel was cut into small slices and homogenized by homogenizer. The homogenate was centrifuged at room temperature at 30,000 rpm for 15 min; the pellet was re-suspended in 100 ml of double distilled water so that the final concentration of this stock is 1%. After the electrophoresis, the gel was incubated with Triton X-100 solution, consisting of 0.1 M NaOAc (pH 5.0) and 1% Triton X-100, at 37˚C for 2 h. The resultant gel was then stained with Coomassie Brilliant Blue R-250 for 1 h and de-stained with double distilled water for overnight. Gels were photographed with a Kodak digital camera and contrast was enhanced using Adobe Photoshop version (7.0) software.
Quantitative assay of Chitinase enzyme activity: A solubilized, ethylene glycol-chitin (Sigma-Aldrich) was used as a substrate for chitinase activity assay.
The colorimetric analysis of chitinase enzyme activity of PCR, Southern and RT-PCR positive transgenic plants was done following the protocol of Stephan and Wolf (1990) with slight modifications in triplicate, where aliquots of 300 µl of ethylene glycol-chitin (stock 2 mg/ml) were mixed with 100 µl of 200 mM sodium acetate buffer, pH 5.0 and 0.5 ml enzyme solution, then incubated for 60 min. at 37˚C in circulating water bath. The reaction was terminated by the addition of 100 µl HCl (1.0 N) on ice and incubated for 10 min. to facilitate precipitation of the non-degraded substrate (chitin), was centrifuged at 14,000 g for 5 min. The resulting N-acetyl glucosamine (GlcNAc) residues were colorimetrically measured by the dinitrosalicylic acid (DNSA) method [35] ). To 1 ml of the D. K. Das, A. Rahman American Journal of Plant Sciences reaction mixture, 1 ml of DNSA was added and boiled for 10 min. and then 0.4 ml of Potassium-Sodium tartarate was added. The mixture was cooled at room temperature and OD (optical density) was taken at 540 nm. As appropriate controls enzyme and substrate blanks were included in the experiment. One unit was defined as the amount of enzyme that produced 1 µmol of reducing sugars corresponding to N-acetyl-D-glucosamine in 1 min.
Pathogenicity test against die-back, leaf spots and blight: We evaluated the potential of tolerance of transgenic litchi transformed with RCC11 to die-back, leaf spots and blight caused by Phomopsis sp. newly developing fifth or sixth matured fresh leaves in situ were punctured with needle and sprayed of thin film of spore solution of Phomopsis sp. for infection in moist condition (RH 80%) and then detached after four to seven days and punctured again with needle for (Figures 2(a)-(d) ). These embryogenic calli when transferred to MS2 liquid medium formed a large number of PEMS round densely cytoplasmic cells in suspension in long duration i.e. 2 -9 months (Figure 2(e) ). It was observed that alternate liquid-solid subculture was critical for maintaining suspension culture of high quality otherwise in long duration of suspension culture, PEMS would not survive.
Results
RCC11
Protoplasts isolated from suspension cultures were highly cytoplasmic, uniform in size and contained many starch grains. The yield and viability of protoplasts was approximately 1 × 10 7 per g fresh weight and 92%, respectively. (Figure 2(f) ). P11 medium gave the best results, with 7% of protoplasts dividing normally once or twice. Two to four-celled proembryos or microcalli were observed in 4 days after protoplast culture initiation (Figures 2(g)-(i) ). Microcalli and putatively transformed globular embryos were formed at a total combined frequency of 56% and were visible to the naked eye 6 weeks after plating. When the Ca-alginate beads were liquefied in citric acid buffer medium, all microcalli and globular embryos were come out. Released colonies were harvested and transferred onto B3MS medium (Figure 2(j) ). In this medium somatic embryos were differentiated and devel- Evaluation of die-back, leaf spots and blight resistance in transgenic plants:
Detached leaves of transgenic plants were tested for resistance to the phytopathogenic fungus, Phomopsis sp. Both Chi-4 and Chi-15 lines showed disease rating scores of 1.6 and 1.3 as an average score of three experiments, respectively, versus a score of 4.7 for the non-transformant (Table 1) . These results indicate that the two transformants exhibited full resistance to Phomopsis sp., which was sufficient to delay the spread of lesion areas from the disease. The degree of disease symptoms correlated well with the level of chitinase enzyme accumulation. That is, the transgenic plants with a higher level of chitinase activity tended to have a smaller total lesion area. We also recorded the number of days required for the onset of necrosis. Since the leaves used for the experiment were similar in leaf position and size, we also recorded the number of days required for the complete necrosis in each leaf. The results are shown in Table 1 . Similar to the result of disease index, both Chi-4 and Chi-15 lines took longer period than the control for the development of necrosis (Figures 7(a)-(c) ). Electron micrograph studies showed that pathogenic fungal spores could easily germinate, ramify mycelium and also invade on leaf surface cells of non-transgenic litchi plants so that they developed die-back, leaf spots and blight disease in in-vitro grown plants but pathogenic spores were unable to germinate, ramify and invade the transgenic plants so that there was no development of disease (Figure 7(e) ).
Discussion
It has previously been reported that several plant species expressing the rice chitinase gene conferred an enhanced resistance to fungal disease, i.e., resistance of [25] and genetically transformed Pigeon pea for enhanced resistance to Fusarium sp. causing the wilt disease [26] and transgenic taro resistance against Sclerotium rolfsii [37] . Here, we present another illustration of enhanced resistance to die-back, leaf spots and blight in transgenic litchi. The present study shows that zygotic embryos derived embryogenic calli could be transformed by Agrobacterium-mediated transformation harboring the binary vector pCAMBIA-RCC11. Expression of the RCC11 by Western blotting clearly detected a specific signal for the rice chitinase in the transgenic plants. Transgenic line chi-15 showed an approximately two fold increase in the chitinase enzyme activity while the transgenic lines chi-4, 9 and 18 showed approximately one and half fold increase in the enzyme activity and this could be correlated well with the degree of resistance to the pathogens. Previous reports have also shown that elevated chitinase activity in transgenic strawberry [41] , tobacco [42] , rice [43] , and cotton (Emani et al. 2003 ).
Delays in the development of symptoms of fungal disease were also observed in these transgenic plants expressing an exogenous chitinase gene [28] [42] [43] . We also observed that the symptoms of die-back, leaf spots and blight gradually progressed even on detached leaves of transgenic plants that exhibited high chitinase activity, so that the transgenic and non transgenic plants were indistinguishable when culture of the infected leaves was prolonged (>18 days) as earlier In the present study, we used the in-vitro inoculation method with detached leaves to evaluate the increased resistance against die-back, leaf spots and blight in transgenic plants (see Figures 7(a)-(d) ). This method showed high accuracy for the detection of slight differences such as delay in the development of disease symptoms, in fully controlled conditions, between the original non-transgenic plant and primary transformants having the same genetic background.
In Conclusion
We demonstrate that the successful transformation of zygotic embryos derived somatic embryos of L. chinensis cv. Bedana and regenerated into rooted plants.
Following the successful integration of the transferred rice chitinase gene into the litchi genome, the expression of transferred gene and their activity, showed an increased resistance to leaf die-back by in vitro inoculation on detached leaves. Our next step will be focused on the evaluation and further improvement of the resistance against various fungal pathogens under greenhouse and field conditions. Together, these findings suggest that the rice chitinase RCC11 gene could be utilized as a genetic source of disease resistance for breeding and improve crop species. This is the first report of transgenic Litchi and uses the introduction of the chitinase gene as an example of the application of the technology.
